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The physical environment of your home is influ-
enced by air temperature, solar radiation, air move-
ment (wind), and humidity. These four climatic 
influences also affect your physical comfort. Your 
body is constantly attempting to adapt to its environ-
ment. This process involves receiving and giving off 
heat. When you gain a balance between heat gain 
and heat loss, you are comfortable. The range of con-
ditions in which your body is able to adjust itself to 
its environment with a minimum expenditure of 
energy is called the human comfort zone. The pur-
pose of this publication is to help you plan a land-
scape design in which air temperature, solar radia-
tion, wind, and humidity are modified to reduce fuel 
costs, conserve energy, and maintain the human com-
fort zone. 
KNOWING YOUR MICROCLIMATE 
Climate refers to the general character of tempera-
ture, humidity, wind, precipitation, and solar radia-
tion over a large geographical area or region. Micro-
climate refers to the localized character of each of 
these elements as they are modified by topography 
(slope orientation and the shape and degree of slope), 
the presence of bodies of water, buildings, existing 
vegetation, surfacing materials, fences, and walls. Any 
one or a combination of these physical features can 
modify the prevailing general climate. 
The microclimate of your property has a far greater 
effect on the heating and cooling of your home than 
the general climate. For this reason, you need to be-
come familiar with your microclimate. This knowl-
edge and the use that you make of it can result in 
a substantial difference in your heating and air-con-
ditioning bills. 
Topography 
Local topographic differences can cause significant 
variations in your microclimate. Even small changes 
in elevation can bring about differences in tempera-
ture nearly equal to a change of several hundred 
miles in latitude. Because cold air is heavy and drains 
like water to the lowest point of a valley, a collection 
of cold air is common at the lower elevations, bring-
ing about dramatic differences in temperature and 
humidity. For example, on a clear night with little 
wind, a slope with a difference of 25 feet in elevation 
between the bottom and the crest will have a tem-
perature 11 degrees colder and a relative humidity 
20 percent higher at the bottom than at the crest. 
This situation is reversed in the summer, when the 
bottom would be 4 to 5 degrees warmer and the hu-
midity perhaps 10 percent lower than at the crest. 
The crest of a slope does not always have a more 
favorable microclimate than the bottom. The crest 
is exposed to wind a great deal more than the bottom, 
resulting in considerably more heat being required 
to maintain human comfort at the higher elevation. 
A difference in elevation of 100 to 200 feet between 
the top and bottom of a slope results in exposures 
to the wind that may offset the temperature· advan-
tages of a crest location. A house on the top of a slope 
may lose three times as much heat as the same house 
at the bottom. 
The influence of topography upon the microclimate 
also depends upon the direction of exposure. On the 
lee side of a slope just below the crest, the wind 
effect is lessened, but on the windward side the wind 
is as strong as or stronger than the wind at the crest. 
Water 
Large bodies of water may also cause variations in 
your microclimate. An area along the lee side of a 
body of water has a less extreme climate than that 
along the windward side. The temperatures on the 
leeward side are lower in the summer and slightly 
higher in the winter than the temperatures of the 
surrounding land that is not influenced by the body 
of water. 
The benefits of water can penetrate from as little 
as three-fourths of a mile inland to as far as three 
or four miles, depending upon the local situation. The 
extent of this stabilizing effect varies with the size of 
the body of water and the number and proximity of 
buildings along the shoreline. 
Radiation 
Radiation from the sun is of primary importance 
in determining the heating and cooling needs of 
your house because it is a constant throughout the 
year. The intensity of the radiation varies with the 
seasons. Seasonal variations result from the great dif-
ferences between the altitude of the sun and the length 
of the period of daylight during the winter and sum-
mer months. In the winter, the sun is much lower in 
the southern sky than in the summer, and the period 
of daylight is much shorter. 
The effect of the sun on a particular site is largely 
determined by the various surfaces on which it falls. 
Each type of natural ground cover (grasses, shrubs, 
trees), square yard of paving, wall, and roof will have 
a small but perceptible effect upon the microclimate of 
your property as a result of radiation. In an urban 
setting, the cumulative effects of radiation, along with 
those from your neighbor's property, intensify the 
differences between your microclimate and the general 
climate of the region. 
Vertical and Horizontal Structures 
Buildings are major modifiers of the general cli-
mate. The shading effects from buildings and the 
alteration of wind patterns around buildings affect 
both ground radiation and humidity. The release of 
heat absorbed by building materials causes an in-
crease in surrounding temperatures and a delayed 
heat gain within the house. The "funneling" effects 
of buildings and streets can also result in altered wind 
directions and strong turbulence. 
Home heat exchange is based upon the principle 
that heat moves from a warm surface to a cooler one. 
Heat can be transferred by conduction (movement 
through physical materials), convection (the drawing 
of heat from a warm body to a cooler one as a result 
of air movement), and radiation (the spreading of 
heat waves into the surrounding air) . 
Conduction and radiation result from the building 
materials used on your land and in the construction 
of your house. The effect of the sun's radiation of a 
surface varies with the size of the exposed area, the 
type of covering, and the texture and color of the 
materials. For example, the natural surface materials 
on the land, such as ground covers and lawn, decrease 
temperatures, while man-made surfaces, such as con-
crete and asphalt, increase temperatures. 
The shading effects and wind patterns on your property 
directly influence radiation, humidity, and heat loss and 
gain. Although shadow patterns cast by existing buildings 
cannot be altered, shading can be added to protect build-
ing areas exposed to the sun. Evaluate wind patterns 
(arrows in the drawing) to determine where the prevailing 
wind is desirable, and where wind patterns should be 
altered to reduce or eliminate high-pressure eddies, con-
vective losses of heat, and funnel effects. 
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The heat-absorbing character of man-made sur-
faces and building materials can result in significant 
heat gains within the house for several hours after the 
area is no longer exposed to direct sunlight. This con-
dition is brought about by "thermal lag" -the time 
required for heat to be conducted from the outside 
wall surfaces to the inside wall surfaces. Because of 
radiation of this conducted heat, high temperatures 
are maintained in the interior rooms of the house 
after the sun no longer radiates the east and west walls. 
For this reason, it is important to shade the wall areas 
that are subjected to long periods of sunlight. 
Existing Vegetation 
Existing vegetation has an important influence on 
the microclimate of your property. Plants act as an 
absorbent material in the landscape, blotting up heat 
an~ deflecting, channeling, and obstructing wind, and 
their shade provides a definite cooling. 
Plants can also cause unfavorable conditions in 
the microclimate. Evergreens on the south will block 
the warming rays of the winter sun. Hedging, shrub 
borders, or rows of trees can produce dams that hold 
cold air, especially when the planting is at the base 
of sloping ground. The planting has a positive effect 
when it prevents the cold air from reaching your 
house, but a negative one when it prevents the cold 
air from moving off your property. 
USING LANDSCAPE TOOLS 
Landscape materials are your "tools" for designing 
an energy-efficient landscape. They include plants, 
earth fo:rru', vertical structures (fences and walls), 
and honzontal surfacing materials. When carefully 
coordinated, these landscape tools will modify your 
microclimate to conserve energy and maintain the 
human comfort zone. 
Plants 
Except for ground cover and grasses, all plants are 
perpendicular to the land. This vertical quality re-
sults in shading and changes in wind patterns, and 
modifies the effects of radiation and humidity. 
Plants (trees, shrubs, ground covers, and vines) 
can control the sun's radiation on your property. The 
leaf surfaces of a plant reflect a part of the sun's 
radiation back into the atmosphere, serving as a 
"shield" for the environment immediately around 
and under the plant. The radiation that is not de-
flected is absorbed and entrapped in the leaves and 
in the air spaces between the leaves. The hea t is held 
in the upper one-third of the crown of a tree. Because 
the tree is constantly giving off moisture into the 
atmosphere (transpiration) , the lower portion of the 
tree remains cool, protecting the atmosphere imme-
diately below it from the entrapped heat above. 
Plants also control temperature. At midday the 
shaded area under a tree is from 15 to 25 degrees 
cooler than the surrounding, unshaded environment. 
There is also a difference between the temperatures 
over exposed soil and grass. Grass is 10 to 14 degrees 
cooler than exposed soil. 
Plants can be used to control the temperature dif-
ferences between the inner and outer surfaces of walls 
and ceilings. These temperature differences are a 
major cause of heat gain or loss. Heat is gained or 
lost in part by conduction through the building ma-
terials of your house. The extent of this conduction 
is determined by the conductivity and thickness of 
the building materials, the amount of exposed area, 
and the temperature difference between the inside 
and outside of the house. 
The interior temperature is controlled by both air 
temperature and the surface temperature of walls and 
objects in the room. The outside surface temperature 
is controlled by air temperature, wind, and solar radi-
ation. A wall or roof that is exposed to solar radiation 
will have a substantially higher temperature than the 
surrounding outside air. To conserve energy, you need 
to reduce the temperature differences between the 
inside and outside surfaces of your house. 
Plants decrease the amount of radiation by shading 
the outside surface of the house. Shading reduces 
temperature differences, particularly in the summer. 
In winter, however, shading is not desirable because 
the heating of exterior surfaces by the winter sun 
helps to reduce the loss of interior heat by conduc-
tion to the outside. 
Plants contribute to human comfort by lowering 
the body's temperature through radiant cooling (the 
temperature of your body is higher than the temper-
ature under the plant). Because heat always moves 
from a warmer body to a cooler one, the heat of your 
body radiates to the body of the plant, making you feel 
"cooler." 
Trees or shrubs planted close together will inter-
cept wind. Windbreaks can reduce wind velocity up 
to 20 percent, and provide a zone of protection that 
extends a distance 15 to 20 times the height of the 
plant screen. Single plants or small groups of plants 
can also be used to deflect the wind. The configura-
tion of the plants lifts the wind currents so that the 
wind passes over a building, patio, or other outdoor 
areas. This lifting of the wind is especially useful 
in sheltering the house from the hot air layer of sur-
rounding open land. 
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Trees or a combination of trees (a large tree with a 
smaller one on the windward side) can be used to lift the 
air currents, providing a protective zone on the leeward 
side. 
Shrubs or trees can be used to divert the wind and 
breezes into areas where their cooling effect can be 
used to the greatest advantage, or to redirect sum-
mer breezes into your property. Plants can also modify 
humidity. Because humidity is most effectively re-
duced by air movement, the channeling of breezes 
dissipates the hot, overpowering effects of humid 
areas. 
Earth 
Earth has plastic qualities that allow us to grade 
and mound it into berms. Like plants, earth berms 
can be used to channel summer breezes into certain 
areas or to divert the prevailing wind away from 
buildings or areas where it could accelerate heat loss 
or gain. A planting near or on the top or ridge line 
of an earth berm provides increased protection from 
the wind. Earth berms can also function as "inter-
ceptors" of the sun's rays when the angle of the sun 
falls below the foliage canopy in the late afternoon. 
Earth is one of the best insulating materials. Graded 
against a wall or structure, earth can greatly reduce 
the temperature extremes. In Illinois earth maintains 
a constant temperature between 50° and 55° F. (10° 
to 13° C.), and many homeowners are building par-
tially into the soil to take advantage of this constant 
temperature. 
Vertical Structures (fences and Walls) 
Like plants, fences and walls can control wind, 
temperature, solar radiation, and (to a small extent) 
humidity. Slat fences that are constructed with openings 
or slots in the vertical surface are effective in modifying 
wind. You can further increase their effectiveness by 
adding fins or deflectors along the top edge of the 
fence. 
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An earth berm should be carefully sculptured to reflect flowing, curved lines that resemble natural land forms (plan view 
at top left). The berm should be placed so that it channels breezes, as indicated by the arrow in the plan view. Used alone 
or in combination with plants, berms deflect and lift the wind to protect the area on the leeward side (top right). Berms 
may also be used to block the low angle of the sun (bottom). 
colors, you can also use fences to modify temperature. 
Light colors will reflect radiation back into the sur-
rounding atmosphere, contributing to the cooling of 
the area. Dark colors absorb solar radiation by storing 
heat until the sun is no longer radiating the surface. 
The stored heat is then reradiated back into the at-
mosphere. For this reason, dark colors should be used 
in areas that are uncomfortably cool during the early 
spring or fall. 
Properly placed fences can also reduce the amount 
of heat lost or gained through the infiltration of out-
side air into the house. Depending upon their design 
and location, fences can dam cold air, block the low 
angle of the sun, and help dissipate humid air. 
Horizontal Materials (Natural and Man-Made) 
Horizontal materials are those materials on the 
ground surface of your property. These include bare 
soil, lawn, ground covers, and hard materials (brick, 
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concrete, asphalt, stone, and wood blocks and decks) . 
The heat potential of a horizontal material depends 
upon its reflectivity, exposure, texture, and color. 
Horizontal materials affect the microclimate of your 
property according to the amount of radiation ab-
sorbed or reflected. Wood blocks and decks are low in 
absorbed heat. Concrete and similar light surfacing 
materials (fieldstone, gravel, etc.) reflect between 25 
and 35 percent solar radiation, while asphalt reflects 
only 15 percent. Brick ranges between 23 and 48 per-
cent. In selecting horizontal materials, you can assume 
that the remaining solar radiation is absorbed. 
Because gravel reflects only 12 to 15 percent of the 
radiation that strikes it, gravel or stone mulches should 
not be used close to the house. Bare soil reflects only 
10 to 25 percent of its radiation, dispelling the com-
monly held view that soil is cool. For this reason, bare 
soil, like gravel, should not be next to the house. The 
air temperature over grass and ground covers is 10 to 
14 degrees cooler than bare soil, helping to lower the 
temperature near the house. 
The landscape tools discussed in this publication 
are simple, relatively inexpensive materials that you 
would use in any improvement of your landscape. 
It is how you manipulate these materials that is im-
portant. The possibilities are endless, involving the use 
of any combination that will work with those parts 
of your microclimate that you wish to exploit or 
modify. 
DESIGNING YOUR LANDSCAPE 
The first Step in designing an energy-efficient land-
scape is to prepare a scaled drawing ( ~ inch equals 
1 foot) of your property, noting those features that 
create your own private climate. This base plan should 
show the property lines and the exact location of all 
permanent features - buildings (with locations of 
windows and doors ) , existing vegetation, water, walks 
and drives, and any free-standing structures (fences, 
walls, etc.) . 
The sun calculator on the back cover of this pub-
lication shows the location of the summer sun for 
each hour of the day. You will netice that the sun 
does not rise in the east but in the northeast, and that 
it sets in the northwest. This wide swing of the sun 
permits a small amount of sunlight to strike the north 
wall in the early morning hours before bearing down 
on the east wall of the house. The heating effect on 
the east wall is quite strong because of the low angle 
of the sun. 
Because the sun's rays are almost perpendicular to 
the wall, there is maximum heat absorption by the 
wall surface. The air and the house are not heated 
significantly, however, because of overnight cooling. 
For this reason, tree plantings are probably not neces-
sary for protecting the ellSt wall unless a large area 
of glass is part of the architecture of the wall. 
The south wall receives full radiation between 11 
a .m. and noon. Depending upon the overhangs and 
window locations of your house, you may want to 
locate a tree at the 11 a.m. angle to shade the south 
end of the east wall and the east end of the south wall. 
At noon the sun is at its highest angle with rela-
tion to the earth. The radiation from the sun hits the 
south wall at such a steep angle that the amount of 
heat gained is much less than might be expected. In 
fact, summer midday sunshine delivers less heat 
against the south wall than the low-angle midday 
sunshine during the winter. The use of trees to shade 
the south wall is not effective because the shadow 
cast is minimal. A much more efficient shading job 
is performed by the roof overhang. 
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Between 1 p.m. and 2 p.m., the sun is starting to 
descend, and the west wall begins to receive radiation. 
A large tree will shade part of the roof area and the 
south end of the west wall. Because of the short 
shadow cast, this tree should be placed as close as 15 
feet from the house. 
For the remainder of the afternoon, the west wall 
receives the same exposure as the east wall did earlier. 
The major difference is that the sun is at its maximum 
heating capacity, the air is hot, and the house has lost 
its night coolness. The sun is directly in the west by 
4 p.m. The angle of the sun is low, and the direct 
radiation has powerful heating capabilities. 
The heat is absorbed by the walls of the house. 
Because of "thermal lag," there is continued radiation 
of the stored heat, keeping the house hot well into 
the night. If there is only space for one tree to pro-
tect the west wall, place the tree up to 25 feet from the 
house on a line between the 3 p.m. and 5 p .m. sun po-
sitions. This distance allows you to take advantage of 
the longer shadows cast by the low angle of the sun. 
A small formal or informal hedge or earth berm 
beneath the tree will help to intercept the low angle 
of the sun. 
Another alternative is to use vines to shade the wall 
and absorb and reflect the heat. Vines can be placed 
on both frame and masonry houses. On frame houses, 
vines should be grown on trellises or wire that is con-
structed in such a manner that there is a dead air 
space between the foliage of the vine and the wall sur-
face. This air space protects the wall from damage 
resulting from humidity and moisture, and makes it 
easy to remove the vine to paint the house. 
The winter sunrise and sunset patterns are nearly 
southeast and southwest. There is little sun on the 
east or west walls, but the south wall receives nearly 
all of the winter day's sunshine. The angle of the sun 
is about 45 degrees lower than in the summer, and 
the heat gain from solar radiation is greater through 
the windows and wall on the south. Deciduous trees 
should be used on the south side so that the sun shines 
through the branches during the winter months. 
In addition to a working knowledge of the seasonal 
path of the sun, you need to be familiar with summer 
and winter wind patterns across your property. Re-
member- the natural seasonal directions of the wind 
for your geographical region may not be the same as 
the patterns of air movements in your microclimate. 
Buildings, fences, walls, and existing plantings can 
produce many changes. 
The best method for mapping wind currents is to 
attach streamers (preferably weatherized surveyor's 
ribbon) to 4-foot stakes located every 10 feet in a grid 
pattern. By observing the motions of these streamers, 
you can determine the directions of wind currents on 
your property in both summer and winter. Indicate 
with arrows the directions of these wind patterns on 
your scaled plan. You can then determine where to 
plant windbreaks or place fences to intercept the 
winds, or where to locate "wind-scoop" plantings to 
channel summer breezes into desired areas. 
Although you cannot stop the wind, you can divert 
it, channel it, deflect it, and intercept it. Plantings are 
commonly thought of as the only landscape material 
that can be used to deflect and intercept wind, but 
fences can also be used for this purpose. Fences have 
two advantages over planting windbreaks: ( 1) they 
require less ground space; and ( 2) they provide im-
mediate protection. 
Do not use a solid fen ce. The surface of the fence 
causes abrupt changes in the air-flow pattern, result-
ing in high-pressure eddies that create more problems 
than the original air flow. Solid surfaces do not stop 
the wind- they simply make it more "vicious." 
A slat fence with spaces between each vertical board 
(similar to a snow fence ) slows down and diverts the 
wind, while allowing some air to penetrate through 
the structure. You can provide additional deflections 
and diversions by placing a scoop, fin, or baffle on top 
of the fence so that the wind flows over and around 
the area you are trying to protect. 
Because most communities do not permit fences 
over 6 feet high, the zone of protection on the lee-
ward side of the fence will be less than the protection 
provided by a higher evergreen windbreak. This zone 
of protection can be calculated by multiplying the 
height of the windbreak by 20. For example, a 10-
foot-high windbreak will give you a zone of protec-
tion of 200 feet. 
Both deciduous and evergreen plants can be used 
for windbreaks. If you are trying to protect against 
the winter wind, you should use an evergreen planting 
beca~se deciduous plants lose their leaves during the 
winter. If your house is in town, the Canadian hem-
lock is a highly desirable plant to use. It can be 
sheared both at the top and along its sides. The spac-
ing between plants should be no more than 14 feet . 
If space permits, plant a maximum of three rows for 
the greatest protection. The use of trees and shrubs 
to channel breezes and deflect wind is illustrated on 
pages 10, 11, and 12. 
You need to evaluate your house carefully - its 
materials, window and entry locations, configuration 
(square, L-shaped, etc.), and its mass or profile pro-
jecting into the atmosphere. 
Windows and entryways are prime sources for heat 
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loss or gain. Evaluate their locations with respect to 
the paths of winter and summer sun and prevailing 
winds and breezes. This evaluation will help you in 
choosing the correct combination of landscape ma-
terials to block summer sun and winter winds and 
allow access to winter sun and summer breezes. 
If the sunlight striking the glass surface of a win-
dow is close to perpendicular to that surface, up to 
90 percent of the heat energy of the sun will be trans-
mitted into the house. The sun's rays moving through 
the glass are the short wavelength, high heat-energy 
type. This heat is absorbed by the objects and people 
within the room. After warming to a certain level, 
these objects and people reradiate the heat. Since this 
is long wavelength heat, however, it cannot be trans-
mitted back through the glass, creating the so-called 
"greenhouse effect." 
Because of their design, doorways allow major heat 
losses or gains. A baffle fence or courtyard develop-
ment with small trees and shrubs will decrease heat 
gain or loss in doo,rways or entryways. 
Walls that include a projection or recessed area also 
require special attention. These changes in the wall 
plane are highly vulnerable to wind and air filtration, 
resulting in major heat gains when the house is being 
air conditioned and heat losses when the house is being 
heated during the fall and winter. Fences or plantings 
can reduce these heat losses and gains. 
The "thermal integrity" of your house is determined 
by its mass or profile that projects into the atmosphere. 
The fact that your house is well insulated does not 
necessarily mean that it is "energy efficient." For ex-
ample, a well-insulated building with an extensive 
mass (such as a two-story house) can lose proportion-
ally more heat than a poorly insulated house with a 
small or moderate mass. Whether you have a large 
or small house, you must consider the effects of wind, 
sun, and location (crest or windward side of a hill, 
middle of a slope, in the path of cold-air drainage, 
etc.) in determining the need for windbreaks and 
shade trees. 
Manipulating breezes and low-velocity winds is the 
most effective means of reducing the discomfort of 
humidity. Structures, earth berms, and plantings can 
be used either individually or in combination to chan-
nel air movement to the humid areas of your property. 
These "wind scoops" or channeling units must be 
oriented so that the wind is funneled to the desired 
area without a significant decrease in velocity. The 
plantings should be aligned in a curvilinear pattern 
that is gentle and sweeping in outline. This pattern 
allows the air to move without obstruction. More 
angular patterns may cause abrupt changes in the 
air flow, preventing breezes from reaching the de-
sired area. 
You may use either evergreens or dense-foliage de-
ciduous plants to guide wind circulation. The foliage 
should extend to the ground, and each plant should 
be located close enough to the next plant so that the 
branches of the mature plant will overlap those of its 
neighbor. 
Deciduous trees with dense canopies can also be 
used to create wind channels. As the wind hits the 
canopy, part of the mainstream is forced under the 
canopy and through the gap between the lower edge 
of the canopy and the ground. As the wind goes 
through this gap, its velocity is increased. Plantings 
on the south and west sides of the house will increase 
air circulation within the house because of the pre-
vailing patterns of summer winds. The plants (through 
transpiration) contribute to the cooling of your house 
by channeling the cooler air beneath their canopies 
through open windows or doorways. The same plant-
ings will shade the house from the afternoon sun. 
Areas that are particularly uncomfortable because 
of stagnant air can be made somewhat less humid by 
surfacing the space with pavements, eliminating any 
overhead structures or tree canopies, and avoiding 
water features. 
Now that you have completed a survey of your 
property, you can identify those areas where shade is 
essential to reduce the heat buildup from the sun's 
radiation. The critical areas for heat buildup will 
probably be on the east and west sides of your house. 
You must also consider shading the south wall if 
there are not adequate overhangs. You should be 
particularly concerned about large glass areas, walls 
constructed of materials that have a high rate of heat 
conduction, and paved areas next to or near the house. 
, Shading these areas at critical periods during the day 
is essential in reducing energy requirements for cool-
mg. 
Mark in red on your scale plan the wall areas, 
window locations, and surface pavements that are 
subject to maximum radiation. Next, mark in blue 
the areas that are shaded from the sun either by over-
hangs or existing vegetation. By studying the red and 
blue lines on your scale plan, you can determine those 
areas that are vulnerable to excessive heat buildup 
from the sun. 
To help you determine the exact location and 
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\ \ \ 4' \ \ \ 4' \\ 4' 
\ \ \ 5' \ \ 5' \\ 5' 
\ \ 6' \ \ 6' \ 6' Roof overhangs are more effective than 
\ \ \ \ trees in protecting the south wall from the sun's radiation at midday. The lengths 7' 7' 7' of the shadows cast on the south wall \ \ for 12-, 18-, 24-, and 30-inch overhangs 
\ 8' 8' 8' are indicated by dashed lines for the northern (38 ° N.), central (40 ° N.), and 
Southern Central Northern 
southern (42 ° N.) latitudes of Illinois. For 
9' 9' 9' example, in southern Illinois an 18-inch 
overhang will shade approximately 5% 
10' 10' 10' feet of the south wall. 
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A base plan should include property lines, the location of the house on the lot, paved areas, existing vegeta-
tion on your site, and shrubs and trees in your neighbor 's yard that are adjacent to your property line. 
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Vines can be used to reduce radiation on the walls of your 
house. If you have a1 frame house, hinge the vertical sup-
port for the vines so that the vines can be placed on the 
ground while painting or repairing the wall. 
height of trees to obtain maximum shading at certain 
hours of the day, use the sun calculator on the back 
cover of this publication. This calculator, which can 
be used with the scaled plan of your property, must 
be correctly oriented to the major points of the com-
pass on your lot. The hour lines converge at the point 
of intersection of the north-south, east-west lines. This 
central point is considered point X. The hour lines 
represent the angle of the sun's rays from 5 a.m. to 
7 p.m. on June 21. This date was chosen because the 
sun reaches its greatest height at that time (the summer 
solstice) . If you can provide protection from solar 
radiation on June 21, you will have provided protec-
tion for the entire summer. 
Trace the scaled drawing of your house and prop-
erty onto a sheet of tracing paper that you can see 
through. Slip the sun calculator under the tracing 
paper, making sure that the calculator is aligned to the 
north-south axis of your plan. You can now find the 
angle of the sun on any part of your house or property. 
By shifting point X of the calculator to any point on 
the plan, you can determine the line of incidence of the 
sun for any hour of the day. For example, let's as-
sume that you have a large window on the west side 
of your house that you wish to shade. By placing point 
X at the center of the window, you can see the lines of 
incidence of the sun on the window from 1 p.m. to 
7 p.m. Now you must decide at what hour or hours 
shade will be most beneficial. Because the amount of 
heat absorption and penetration is less while the sun's 
9 
altitude is relatively high, the greatest heat gain will 
be from 3 p.m. until sunset. 
If you decide that it is critical to shade the window 
at 4 p.m., draw a line with a straight-edge or ruler 
along the line between point X and 4 p.m. A tree 
placed anywhere along this line will provide shade on 
the window area. Exactly at what location you will 
place the tree depends upon both aesthetic and func-
tional considerations (location of aboveground and 
belowground utilities, walks and drives, etc.) . 
Once you have identified that point along the line 
at which the tree will be located, mark it with a cross ( + ) . Now use your ruler scale to measure the dis-
tance from the tree's proposed location to the "target 
area" to be shaded. Because the target area is a verti-
cal surface, it is necessary to know the height of the 
wall. To calculate the height of a tree that will shade 
the wall, turn to the table on page 10. 
The two top rows of figures in the table show the 
hours of the day (in sun time, not daylight savings 
time) during the period of overheating. You will use 
the same hour that you marked off from the sun 
calculator. The figures in the first column on the left 
represent the horizontal distances from a wall in feet. 
Winter ' I"' noon 09; / sunr / 
·~ NE s -·=/~ 
w sunset 
Summer 
sunset w 
The seasonal variations in the path of the sun across the 
sky result in different areas of the house being exposed to 
solar radiation in winter and summer. The low-angle 
winter sun (top) primarily radiates the south wall, while 
the summer sun (bottom) primarily radiates the east and 
west walls. 
To achieve maximum cooling effects, you must place trees properly with relation to the house and the prevailing wind. 
When the wind strikes the tree canopy, some of the air currents are deflected over the top of the tree, while the remaining 
air is diverted beneath the canopy. The air moving beneath the canopy pushes the cool air already under the tree into 
the leeward area. A tree placed too far from the house (left) allows the warm and cool air to mix before reaching the 
house, reducing the cooling effect. If the tree is properly placed (right), the warm air is directed over the roof area and 
the cool air from under the canopy can enter and cool the house. 
Find the horizontal distance that you measured 
between the wall and the proposed tree location, then 
read across the chart until you reach the column 
corresponding to the time of day during which you 
want shade. The value shown, when added to the 
height of the wall in feet, equals the height of the tree 
required to shade the entire wall. (Note that it is 
possible to choose a tree location that would require 
the tree to be far too tall in order to provide the shade 
desired at a particular hour of the day. In this case, 
you would have to adjust your design accordingly.) 
For example, you select 2 p.m. as the hour at which 
you would like shade on the picture window located 
on the south wall of your house. Placing point X of the 
calculator in the center of the window, lightly pencil 
in the line indicating 2 p.m. Be sure that the calcu-
lator is aligned with the north-south direction of your 
plan. Now you decide that you would like to locate 
the tree about 15 feet from the window. You also 
know that the height of the wall is 8 feet. Locate 15 
feet in the left column of the chart under Distance 
from Wall, feet. Follow this line in the table over to 
the column headed by 2 p.m. Add the value shown 
( 26) to the height of the wall in feet ( 26 + 8 = 34) . 
You must select a tree that is at least 34 feet high to 
shade the target area. 
Period of overheating (sun time) 
Distance from 8 a.m. 9a.m. 10 a.m. 11 a.m. 
wall, feet 6p.m. 5p.m. 4p.m. 3 p.m. 2 p.m. 1 p.m. noon 
5 2 4 6 9 13 17 
10 3 5 8 11 17 26 33 
15 4 7 11 17 26 39 50 
20 5 10 15 23 34 53 67 
25 7 12 19 28 45 66 83 
30 8 15 23 34 52 79 100 
35 9 17 27 40 60 92 117 
40 11 20 31 45 69 105 133 
45 12 22 34 51 78 118 150 
50 13 24 38 57 86 132 167 
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Heat loss or gain is greatly affected by air 
movement resulting from differences in air 
pressure between outside and inside air. When 
there is no wind, a "chimney effect" is pro-
duced (top). In summer, warm air enters the 
house at the higher openings (pores, cracks, 
etc. around windows and eaves), forcing 
the cooler air within the house out through the 
lower openings. In winter, cold air enters the 
house at the lower openings and warm air 
escapes at the higher openings. Under windy 
conditions (bottom), there is a significant dif-
ference in pressure between the inside and 
outside air. This pressure differential results in 
the outside air being forced into the house 
through the openings and the inside air escap-
ing through the leeward wall . 
An evergreen windbreak (left) is the best means of protecting an area from winter winds. Most of the wind is diverted 
over the top of the windbreak, although a small amount (dashed arrow) is filtered through the foliage mass itself. This 
combination of air movement produces a zone of protection that is equal to about 20 times the height of the windbreak. 
When there is not sufficient space for an evergreen windbreak, a slat fence (right) is a satisfactory alternative. The small 
openings between the vertical boards break the wind in much the same manner as evergreen foliage. 
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Wind scoops can be created by arranging shrubs in 
a tight mass. The contours of this mass should form 
a soft, flowing curve that captures the prevailing 
breezes and directs them into desired areas. 
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The areas of your house that are most subject to heat loss or gain are indicated by letters in the above drawings (A -
windows; B- eaves; C- doorways; D- floor-foundation; E- projections or recessed areas). 
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Example of a base plan showing the use of plantings to increase the energy efficiency of a house. The trees indicated by 
dashed lines could supplement the primary tree plantings (solid symbols). Whether you incorporate additional trees in 
your design will depend upon esthetic considerations and available space. Alternative possibilities include the use of 
vines on the south and west walls, the substitution of an earth berm for the 3-foot shrubs on the west side (space permit-
ting), and slat fences instead of evergreen windbreaks if space is limited. 
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